It is shown in the tetrad representation that there are Reissner-Nordström solutions with a finite action and total inertial mass equal to the gravitational mass of the considered system. These solutions describe systems of electromagnetic and gravitational fields without any admixture of massive point-charges. The stress tensor for this solutions is shown to be identically zero. This means that there is no need in additional nonelectromagnetic surface-tension, existing in the Lorentz electron model, preventing the system disintegration. The hypothesis that gravitation can play a crucial role in the structure of elementary particles is discussed. PACS: 11.10.Ef, 12.90.+b, 14.60.Cd, 04.20.Jb Introduction As is well known the ratio of the electrostatic repulsion between two electrons is larger than their gravitational attraction by a factor of 4.2 · 10 42 . At first sight, this means that gravitational interaction cannot play important role in the elementary particle interaction and in their structure. As will be argued this point of view can probably be wrong.
Introduction
As is well known the ratio of the electrostatic repulsion between two electrons is larger than their gravitational attraction by a factor of 4.2 · 10 42 . At first sight, this means that gravitational interaction cannot play important role in the elementary particle interaction and in their structure. As will be argued this point of view can probably be wrong.
The main concept of classical electrodynamics (see for instance [1, 2] ) assumes the existence of charged massive particles and the electromagnetic field responsible for their electromagnetic interaction. The principle difficulties of this concept are well known: if the fundamental charged particles are point-like, then the energy of the electromagnetic field is infinite even for one particle. If the particle is considered as a drop of charged liquid, as in the Lorentz model of an electron [3] , having a finite range in the threedimensional space, the problem of the nature of non-electromagnetic attractive forces preventing the drop disintegration by the electrostatic forces arises immediately. These problems are not solved up to now.
In quantum electrodynamics (QED), electron-positron field is a bispinor field of pointlike particles, which electromagnetic current is a source of the quantized electromagnetic field. The lagrangian of QED predicts an infinite mass and infinite electric charge of the electron and positron (see for instance [4] [5] [6] ). In order to give physical meaning to divergent integrals and to get the experimentally observed cross sections, the procedure of the mass and charge renormalization was invented. But this infinite renormalization is realized by an introduction into the initial QED lagrangian of contra-terms having infinite coupling constants [6] .
In the present paper, another approach will be discussed in which the classical electron is considered as the system of electromagnetic and the gravitational fields described by the Reissner-Nordström (RN) solution of both the Maxwell and Einstein equations. It will be shown that fields are localized in a very small three-dimensional-space region (about 10 −34 cm). To avoid any misunderstanding, we would like to stress that the main results are obtained in the framework of classical physics. Only in Secs. 9 and 10, quantum effects will be shortly discussed. It will be demonstrated that in spite of the singularities of the electromagnetic and gravitational fields, the total lagrangian density is integrable function and the action is finite in the tetrad representation for any values of the parameters e and m of the RN solution denoting the electric charge and the gravitational mass of the system, respectively. As will be shown if the parameters e and m obey the relation, considered in the present paper, the solution corresponds to a finite total inertial mass of the system that is equal to its gravitational mass. This means that the solution is in accordance with the equivalence principle. It is this solution with the charge equal to the experimental electron charge which will be quoted as "the classical electron". Note that the total mass is just the mass of the electromagnetic and gravitational fields. This means that there is no need in any additional fundamental entities such as charged point-like particles (electron-positron field) and the only existing fields are the electromagnetic and gravitational fields.
The paper is organized as follows. In Sec. 1, the RN solution is presented in the spherical coordinates and the main notations are explained, while the RN solution in the uniform coordinates is given in Sec. 2. The tetrads, formulas for their covariant derivatives, the tensor γ ikl and vector Φ j expressed in terms of the tetrads are considered in Sec. 3, besides the detailed formulas are presented in Appendix in Subsections 11.1, 11.2, and 11.3. Formulas for the total lagrangian density and lagrangian for the RN solution in the tetrad representation are obtained in Sec. 4 . The Lagrange equations for the tetrads are discussed in Sec. 5. It is checked in Subsec. 11.4 of Appendix that the used tetrads obey the Lagrange equations. It is proved in Sec. 6 that the total energy-momentum pseudotensor density is integrable function for the classical electron. Therefore its total inertial mass is shown to be finite. It turns out that the stress tensor density is identically zero for the classical electron. It is shown in Sec. 7 that according to the equivalence principle there is no need in any point-like particles with some bare mass that are usually named electrons. The electrical charge distribution is considered in Sec. 8. Hypotheses concerning the quantum generalization of the obtained results are discussed in Sec. 9. The most important results are summarized in Sec. 10.
Reissner-Nordström solution
Let us consider the spherical coordinates x 1 = r, x 2 = θ, x 3 = ϕ, and x 0 = x 0 = ct, where r denotes a radius, θ, ϕ are polar and azimuthal angles, c is the velocity of light in empty space and t denotes time. The stationary solution of the Maxwell and Einstein equations, depending only on r, was found independently by H. Reissner, H. Weyl, G. Nordström, and G.B. Jeffery [7] [8] [9] [10] , nevertheless it is called ususally the Reissner-Nordström solution. From here on, it will be referred to as the RN solution. For this solution, the metric tensor can be chosen diagonal and its nonzero covariant and contravariant components are g 00 = 1/g 00 = −g 11 = −1/g 11 = Λ,
Here, k = 6.67·10 −8 cm 3 · g −1 · s −2 is the gravitational constant, e and m are respectively the electric charge and mass of the considered system. This solution is used in cosmology to describe black holes for which m > e 2 k .
In this work, we start our consideration with the cases when the inverse condition
is fulfilled since it is this condition which is valid for real leptons and quarks. We shall name such a system "the point-charge" which could correspond to the electron if e = −4.80 · 10 −10 esu. We shall distinguish "the real electron" with the experimental mass m = 9.11 · 10 −28 g (0.511 MeV/c 2 ) and "the classical electron" which properties will be explained later.
It is convenient to rewrite Eq. (2) for Λ in the form
where
with r g being the Schwarzschild radius [11] . Using values c = 2.998 · 10 10 cm/s and e, m for the real electron one gets r g = 1.35 · 10 −55 cm, r e = 1.38 · 10 −34 cm. As follows from these numerical estimates r e ≫ r g for the real electrons.
It is obvious from Eqs.
(1) and (7) that the element g 00 at r ≥ 0 has no singularity and is positive when r 
Since according to the numerical estimates presented after Eq. (9) r g /r e ≪ 1 we have from Eq. (10) r 0 ≈ r e with a very high precision. We conclude also from the right-hand side of Eq. (10) that the requirement r 2 0 > 0 is equivalent to the condition (6). We get from Eq. (6) the numerical estimate m < 1.86 · 10 −6 g. This means that condition (6) is fulfilled not only for real electrons but for muons, τ -leptons, and quarks.
The tensor of the electromagnetic field F ik obeys the Maxwell equations in the gravitational field [2, 12] :
with zero electromagnetic current J i = 0 for all r except r = 0. Summing over any pair of identical covariant and contravariant Latin indexes is assumed in Eq. (11) and in all below formulas except formulas in Appendix, where all sums have the symbol Σ. All Latin indexes can be equal to 0, 1, 2, 3, while the Greek indexes can be equal to 1, 2, 3. Summing over any pair of identical Greek indexes is also assumed everywhere except Appendix. Here, g is the determinant of the matrix g ij . The solution of Eq. (11) for the radial component of the electric field density E r is [7] [8] [9] [10] 
all the other components of F ik and F ik are zero. The formula for the energy-momentum tensor of the electromagnetic field reads [2, 12] 
The metric tensor g ik and the energy-momentum tensor T ik obey the equations for the gravitational field established by Einstein [13] and Hilbert [14] .
Isotropic coordinates
In order to introduce the isotropic coordinates, we define the new radial variable ρ with the relations
where r g , r 2 e , and r 2 0 are given by Eqs. (8) (9) (10) . Defining
we get the formula for
and the following relation for the spacetime interval:
Let us introduce the pseudo-Euclidean coordinates ρ
3 (called the uniform coordinates) with the relations
Now, the formula for the spacetime interval looks like
It defines the metric tensor components g ik for the uniform coordinates
and also g ii = 1/g ii . According to Eq. (17) N > 1 for r 2 0 > 0, hence the dependence of r on ρ is monotonic. For asymptotically large ρ → ∞, D → 1 in accordance with Eq. (16), therefore r and ρ are approximately equal to each other. The minimal value of r equal to zero corresponds to the minimal possible positive value of ρ = ρ min . This value is the maximal number obeying the equation D(ρ) = 0 and is equal to
This means that the sphere in the three-dimentional space (ρ x , ρ y , ρ z ) with the radius ρ = ρ min corresponds to the point r = 0. There is no contradiction in this respondency since according to Eq. (21) the distance between any two points on the sphere is zero due to the relation D(ρ min ) = 0.
Tetrad representation
In the tetrad representation proposed in Ref. [15] , the fundamental variables of the gravitational field are four unit four-vectors h (a) (a = 0, 1, 2, 3 is a counting number of the four-vector) being functions of the coordinates of points in the four-dimensional spacetime. Their covariant and contravariant components are related in the usual way by means of the metric tensor:
The four-vector with a = 0 is chosen time-like, while all others are space-like, namely
with the diagonal matrix η ab = diag(1, −1, −1, −1). Defining η ab equal to η ab the vectors h (a) can be expressed in terms of h (a) with the equation valid both for the covariant and contravariant components [2, 15] 
As follows from Eqs. (24) and (25) the orthogonality conditions look like [2, 15] 
The partial derivative of h 
Using Eq. (28) for the metric tensor g il in terms of the tetrads and substituting Eqs. (31) and (32) into Eq. (30) one gets the formula of interest [15] :
In the following, we need the formula for h (a)k ;l . In order to obtain it, let us calculate the covariant derivative of Eq. (26) that is
Multiplying this equation by h (a)k , summing over a, and making use of Eq. (27) we get
Substituting Eq. (33) into Eq. (35), summing over a, and taking into account Eq. (29) we get finally
As seen from Eqs. (33) and (36) the covariant derivatives h 
Lagrangian for the ReissnerNordström solution
The formula for the total lagrangian density reads
where L g is the lagrangian density of gravitational field, while L em denotes the lagrangian density of electromagnetic field. In the tetrad representation, the former is given by the formula [15, 16] 
and |h| denotes the determinant of the 4 × 4 matrix h (a)i . As is demonstrated by Eq. (33) or (36) the covariant derivatives of the tetrad components depend only on the tetrad components and their first partial derivatives with respect to the coordinates ρ m . Therefore the lagrangian L g in Eq. (38) depends also on the tetrads and their first partial derivatives.
According to Eq. (21) and relation [15, 16] 
the formula for |h| for the uniform coordinates for the RN solution is
The general formula for the lagrangian density of the electromagnetic field reads [2, 12] 
Since F ik F ik is invariant it is possible to use Eq. (12) for the electromagnetic tensor expressing r with the help of Eq. (15) . Using also Eq. (41) the final formula for L em for the RN solution in the uniform coordinates is obtained
In the second representation for L em in Eq. (43) more convenient below, the formula
is taken into account that follows from definitions given by Eqs. (9) and (39).
For the tetrads with the covariant components
for any k and µ, relation (28) is fulfilled. Formulas for the contravariant components follow from Eqs. (23), (45), and also from Eq. (21) for the metric tensor
These contravariant components of the tetrad obey Eq. (29). Using formulas for h 
where N ′ and D ′ denote derivatives of N (ρ) and D(ρ) with respect to ρ. Substituting L em given by Eq. (43) and L g from Eq. (48) into Eq. (37) and using Eqs. (16) and (17) respectively for D(ρ) and N (ρ) we obtain for the total lagrangian density the very simple formula
Since the three-dimentional space (ρ x , ρ y , ρ z ) consists of points for which ρ = ρ 2 x + ρ 2 y + ρ 2 z obeys the inequality ρ ≥ ρ min the value of the total lagrangian is given by the equation
Making use of Eqs. (8) (9) (10) and (22) we get the final result:
This formula shows that the lagrangian in the tetrad representation and the action S = L tot t are finite in spite of the singular behaviour of the electromagnetic and gravitational fields near the point r = 0 (ρ = ρ min ). It is not the case when we consider the metric tensor components as the fundamental variables describing the gravitational field. Indeed, it is well known [2, 12, 14, 17] that the scalar curvature R and hence the lagrangian density of the gravitational field
is zero if the matter is represented by the electromagnetic field only. Since the lagrangian density for the electromagnetic field defined by Eqs. (42) and (12) has nonintegrable singularity at r = 0 the total lagrangian corresponding to Eqs. (37, 42), and (52) is meaningless, while Eq. (51) provides the finite lagrangian in the tetrad representation. We assume that it is these sixteen functions h i (ρ k ) of the coordinates ρ k which are the fundamental gravitational variables rather than the components of the metric tensor. The knowledge of a true lagrangian density is of crucial importance since it could be used in calculations of the process amplitudes in quantum theory with the help of the Feynman functional integrals [18, 19] .
Equations of motion
Remarkable formula (51) follows from the choice of the tetrad defined by Eqs. (45-47) that reproduces the metric tensor corresponding to the RN solution. But the true tetrads are to obey the Lagrange equations
The total lagrangian density depends on the variables h 
is a linear combination of the partial derivatives of A i with respect to the spacetime coordinates. Formula (42) for the lagrangian density of the electromagnetic field rewritten in the form
shows that L em depends on A i,k and h (c) p since the determinant |h| and the metric tensor can be expressed in terms of the tetrad components according to Eq. (29), therefore L em does not depend on h (c) p,q . The only lagrangian density, which depends on the derivatives h (c) p,q , is that of the gravitational field L g defined by Eq. (38).
Since L g is a sum of bilinear products of h 
Multiplying h
p,q from Eq. (56), after some algebra, one gets the simple expression
in terms of the tensor γ qpl , where its covariant components are defined by [15, 16] 
Taking k = l in Eq. (56) and summing over k we get
Let us define the four-vector Φ q by the relation
Then, taking k = l in Eq. (36), presenting g ik as the bilinear product of the tetrads with the help of Eq. (29), and summing over l, we get [15] 
The simplest consequence of Eqs. (59) and (61) is the formula
Substituting Eqs. (57) and (62) into Eq. (38) we get finally
In order to obtain the left-hand side of Eq. (53), one needs the formula for ∂L tot /∂h
p , where
Using Eq. (38) we get
Equation ( 
Differentiating the left-hand side of Eq. (29) and taking into account Eqs. (67, 68) we get the formula for the derivative of g jl with respect to h
Making use of Eqs. (66-69) in the calculation of the partial derivative of h
p , we get after some algebra
In order to express the derivative ∂h
p in terms of the tensor γ kil , its definition by Eq. (58) is used and the formula
is applied. Formula (71) follows from the obvious transformation using Eq. (26) and the definition of γ ikl by Eq. (58)
Making use of Eq. (71) the basic formula (36) can easily be rewritten as [15] 
Combining Eq. (73) with Eq. (70) one gets
Taking in Eq. (70) k = l and summing over k we get
Combining this formula with Eq. (61) we get
The last formula needed to obtain ∂L g /∂h
p is the following [15, 20] : ∂|h|
Finally, substituting h
from Eq. (76), and ∂|h|/∂h
given by Eq. (77) into Eq. (65) we obtain the formula
In the calculation of ∂L em /∂h
Eq. (55) for L em is used and the independence of the covariant components of the electromagnetic field tensor F ik on h 
where T p i is the energy-momentum tensor of the electromagnetic field defined by Eq. (13). Substituting ∂L g /∂h 
Here, L tot is described by very short formula (49) which simplifies any calculations. Note that expression (13) for T p i contains the term proportional to the product of the Kronecker symbol and the lagrangian density L em given by Eq. (42). The lagrangian density L g for the gravitational field can be rewritten in the form [15, 16] 
The sum of the two last terms in the right-hand side of Eq. 
Conservation of energy-momentum four-vector
In the tetrad formalism, the total energy-momentum pseudo-tensor density, T k i is related to the superpotential U kl i , proposed by Moller (see Refs. [15, 16, 20] ), where
with the formula
It is shown in Refs. [15, 16, 20] that
or in terms of the tensor γ ikl and the four-vector Φ l defined respectively by Eq. (58) and (60)
As seen from Eq. (85) Moller's superpotential is the tensor density under arbitrary coordinate transformations since it is expressed in terms of the tetrad vectors h (a)k , their covariant derivatives h (a)l ;i , and the determinant |h|. The superpotential U kl i is antisymmetric with respect to the indexes k and l, therefore the divergence of the total energy-momentum pseudo-tensor density is zero
As is well known [2, 12, [15] [16] [17] 20 ] the conservation of the energy-momentum four-vector is a consequence of Eq. (87).
If the total energy-momentum pseudo-tensor is localized in the compact three-dimensional region V such a system will be called the insular one. Then the metric tensor g ik for the insular system goes to its Minkowski limit η ik at ρ → ∞ as
Here, O n denotes the quantity which main term at ρ → ∞ is proportional to ρ −n for n = 1, 2, ... . The standard consideration shows that the energy-momentum four-vector P i defined by
is conserved if all fields are zero outside the region V, where
≡ dρ x dρ y dρ z is the volume element. Since the formula for P i can be rewritten in terms of the superpotential components according to Eq. (84) it can be expressed as the surface integral using the Gauss theorem
Here, Σ is the closed surface enclosing the region V, while the three-dimensional vector k λ is the unit outer normal to the surface. The element of the surface is defined by
where ǫ λµν is the totally antisymmetric three-dimensional Levi-Civita symbol, while dρ µ and δρ ν are infinitesimal three-vectors on the surface Σ. When the matter fields are localized mainly in the region V and T k i goes to zero outside V at ρ → ∞ as a quantity of O n with n ≥ 4 the system will be also called the insular system. For this case, the full three-dimensional space (V ∞ ) is to be considered and for the surface Σ, we will choose Ω R with R → ∞. Here Ω R denotes the surface of the sphere with the radius R. The surface integral in Eq. (90) becomes the limit of the integral on Ω R at R → ∞.
Substituting formulas (41) for |h|, (46) and (47) for h 
where n λ is the unit three-vector
with ρ λ defined by Eqs. (20) . For µ = λ, one gets
Note that for the RN solution the full three-dimensional space for the uniform coordinates ρ x , ρ y , ρ z consists of all points with ρ = ρ 2 x + ρ 2 y + ρ 2 z ≥ ρ min , where ρ min is given by Eq. behave near ρ min as 1/(ρ − ρ min ). This makes the definition of the energy given by Eq. (90) meaningless for any parameter m obeying inequality in Eq. (6) since the energy is infinitely large. Also, there is no solution with e and m obeying Eq. (6) with a finite total inertial mass which can be used as a model for electrons.
But it is not the case when the limit m → e 2 /k is considered, and
where r e and r 0 are defined by Eqs. (9) and (10), respectively. The solution of this equation with the positive value of the mass m = m cl , where
gives the mass of the system called "the point-charge". In classical electrodynamics, the electric charge can be arbitrary, therefore the typical length of the system r e given by Eq. (9) can be large for large |e| and the system can be macroscopic. Having in mind to consider elementary particles, we put |e| = 4.80 · 10 −10 esu for which r e = 1.38 · 10 −34 cm. It is this system which will be referred to as "the classical electron". Its mass is equal to 1.86 · 10 −6 g that is much larger than the experimental value of the real electron mass. If condition (95) is fulfilled, then according to definitions (8 − 10) and (22) r 0 = 0, r e = r g /2, ρ min = 0.
Note that owing to the singularity at ρ = 0 the limit m → m cl for fixed e is not trivial. Indeed, at m = m cl we have r 0 = 0 and the total lagrangian density is zero according to Eq. (49). Nevertheless the total lagrangian being the integral of the lagrangian density over the three-dimensional space is nonzero according to Eq. (51):
Due to Eq. (101) formula (94) is simplified:
while formula (92) becomes
if Eqs. (98-100), (8) (9) , and (39) are taken into account. Formula (90) for the total energy of the system of the electromagnetic and gravitational fields reads now
with R → ∞ and ǫ → 0. The first integral over the sphere with the radius R in the right-hand side of this formula is
where dσ = R 2 dΩ with dΩ = sin θdθdϕ being the differential of the solid angle. The second integral in Eq. (104) over the sphere with the infinitesimal radius ǫ is zero. Indeed, we have
This means that in spite of the singular behaviour of the electromagnetic and gravitational fields near ρ = 0, the singularity does not contribute to the surface integral, therefore the energy is determined by the field behaviour at large distances (R → ∞).
The net result of Eqs. (104-106) is
which shows that the total energy of the system of the electromagnetic and gravitational fields is equal to c 2 e 2 /k or equivalently to mc 2 with m = m cl according to Eq. (95), where m is the parameter of the RN solution. This parameter is now the inertial mass of the system of the electromagnetic and gravitational fields. In principle, the point-like particle with a bare mass m b may contribute to the total inertial mass of the electron to make it equal to the gravitational mass. As will be shown in the next section m b = 0.
The total energy-momentum pseudo-tensor is described with formulas (84), (102), and (103) which give the only nonzero component for the case under consideration
where δ(R) denotes the three-dimensional Dirac delta function, and R = (ρ x , ρ y , ρ z ) is the three-vector. Since ρδ(R) = 0 the first term in the square brackets in Eq. (108) does not contribute to T 0 0 , hence the final result is
where in the right-hand side of Eq. (109) condition (95) is taken into account. We see that the energy of the electromagnetic and gravitational fields for the classical electron is localized in the space region of the range of about r e = 1.38 · 10 −34 cm. Strictly speaking it is true only for the convenient coordinate system under consideration since the energy distribution cannot be uniquely defined in field theory [2, 21] even if the time variable is fixed. Nevertheless, r e can really characterize the order of magnitude of the system length. This is easily seen from the formula (51) for the total lagrangian which can be rewritten with the help of Eq. (9) for the classical electron in the form
Let us again calculate the total energy of the classical electron with the help of Eqs. (89) and (109) rather than Eqs. (90) and (92). Since now ρ min = 0 we have
As seen from this formula the integrand increases with decreasing of ρ as ρ −2 at ρ ≫ r e but at ρ ≤ r e the integrand goes to a finite constant. As a result, the integral is convergent and is equal to m cl c 2 = c 2 e 2 /k. Indeed, using Eq. (9) we have from Eq. (111)
In the absence of gravitation, when k = 0, the value of r e is zero according to Eq. (9) and the integral in Eq. (111) becomes divergent as in classical electrodynamics. Therefore it is the gravitational interaction which makes the classical electron mass finite. Roughly speaking the gravitation contribution reduces the electron mass from infinity (the pure electromagnetic mass) to a finite mass e 2 /k. It is interesting to compare formula (109) with the energy-momentum tensor density of the electromagnetic field. Since the tensor component T 
A comparison of Eqs. (109) and (113) shows that the total energy-momentum pseudotensor density is by a factor of two larger than that of the electromagnetic field. This is the trivial consequence of the Tolman formula [22] 
Indeed, the trace of the tensor densityT The space part of the energy-momentum pseudo-tensor density T ν µ is zero
which follows from Eqs. (84) and (102). This assumes the absence of any pressure of any part of the system under discussion (classical electron) on others. Therefore there is no need in the additional surface-tension of the charged liquid (existing, for instance, in the Lorentz model of the electron [3] ) which prevents disintegration of the classical electron.
There is an equilibrium between the electrostatic repulsion and gravitational attraction. Since the components U 0λ µ of the superpotential are zero the three-momentum of the classical electron is zero in the rest system of frame. If the four-velocity of the singular point (the point with ρ = 0 in the rest system) is u i than the four-vector of the electron in any Lorentz system is
while the components of the energy-momentum pseudo-tensor are
Since the function of ρ in the right-hand side of Eq. (117) has a sharp peak near ρ = 0 and the integral in Eq. (111) is equal to m cl c 2 according to formulas (111) and (112) it is possible to approximate T k i with the relation
using the Dirac three-dimensional δ-function. This formula is widely used to describe point-like particles. We would like to stress that Eq. (118) takes into account the electromagnetic field of the classical electron, hence it is not correct to add to the tensor density given by Eq. (118) the energy-momentum tensor density of either the external or the total electromagnetic field as it is often done in classical electrodynamics (see for instance [2, 12] ). Let us explain this statement in more details. If the total electromagnetic field tensor F lm (tot) is equal to the sum of the external field tensor F lm (ext) and that of the classical electron field F lm (cl) , then the total energy-momentum tensor density of the electromagnetic field is
Here, T 
In the zero approximation applied here, we ignore the alteration of the metrics due to the influence of the external electromagnetic field. Since the contribution of T k (cl) i is taken into account in the term given by Eq. (117) or (118) the additional terms describing the contribution of the external electromagnetic field is given by the formula
rather than |h|T
Equivalence principle
In order to calculate the total gravitational mass m gr , of any insular system we should consider the g 00 component of the metric tensor which asymptotic behaviour at ρ → ∞ is [2, 12] 
where φ(ρ) denotes the Newtonian gravitational potential. Using formulas (16) and (17) respectively for D and N we get from Eq. (21) that for any e and m at ρ → ∞
A comparison of Eq. (122) with (123) gives m gr = m which means that the parameter m in the RN solution is always the total gravitational mass of the system. For m = m cl = e 2 /k, the parameter m becomes the inertial mass of the system of the electromagnetic and gravitational fields in accordance with Eqs. (104) and (107). Therefore for this case, the total gravitational mass is equal to the inertial mass of the system of the electromagnetic and gravitational fields. According to the equivalence principle, this means that the bare mass m b of the point-like particle is zero.
Therefore the classical electron is a system of the electromagnetic and gravitational fields localized in the space region with the typical length of about 10 −34 cm. There is no need in the existence of any charged point-like particle which is usually named "electron" in classical electrodynamics.
Electrical charge distribution
In order to study the electrical charge distribution, we should consider the non-trivial properties of the three-dimensional space in the vicinity of the point with ρ = 0. Let ρ be equal to infinitesimal ǫ > 0. In order to calculate the length of circumference of a circle with the maximal length on the sphere with ρ 2 x + ρ 2 y + ρ 2 z = ǫ we should take into account Eq. (19) and put θ equal to π/2. We have the formula for the length
In the transformation of the right-hand side of this equation, expression (98) for D(ρ) is used. Formula (124) shows that for ǫ = 0, one gets a nonzero length l 0 = 2πr e . In order to understand this paradox, we find the relation between r and ρ, which follows from Eqs. (15) and (98)
As seen from Eqs. (125) the point ρ = 0 in the space (ρ x , ρ y , ρ z ) corresponds to the sphere with the radius r e in the three-dimensional space (x, y, z), where x = r sin θ cos φ, y = r sin θ sin φ, z = r cos θ.
The electric charge density on this sphere is
since the metric on this sphere in accordance with Eqs. (3) and (4) is the same as on the sphere in the Euclidean space. The radial distance between points with ρ = ρ 1 > 0 and ρ = ρ 2 > 0, the other coordinates being equal, is
in accordance with the metrics given by Eq. (19) and expression (98) for D(ρ). As is seen from the above formula l 12 → ∞ if ρ 1 → 0. Therefore the distance between the point with ρ x = ρ y = ρ z = 0 and any other point is infinite. Since for m = m cl we have r g = 2r e and the tensor component −g 11 for the coordinates r, θ, and ϕ is equal to 1/(1 − r e /r) 2 according to Eqs.
(1) and (7). Therefore −g 11 goes to infinity when r → r e . It is obvious from this behavior of −g 11 that the distance between any point in the (x, y, z) space with a finite r > r e and the sphere with the radius r e , which center has coordinates x = y = z = 0, is also infinite. For m = m cl g 00 = −1/g 11 = (1 − r e /r) 2 according to Eqs. (1) and (7). The sphere with r = r e represents the surface of the event horizon (g 00 (r e ) = 0), therefore no information can be obtained from the internal (r < r e ) region [2, 12] . This means that the coordinates x, y, z do not correspond to any physical objects which can be observed by any external observer if x 2 + y 2 + z 2 < r e . This means also that any observables (energy, electric and magnetic field strengths etc.) can be really measured only in the three-dimensional space with r > r e . This explains why the integral in Eq. (112) runs only for r ≥ r e which corresponds to ρ ≥ 0.
Also, the electric charge of the classical electron is uniformly distributed on the sphere with r = r e . The space-like components of the energy-momentum pseudo-tensor density T ν µ responsible for the forces between parts of the electron are identically zero. Therefore the problem of extra nonelectromagnetic forces preventing the electron disintegration as in the Lorentz model [3] , presenting it as a charged liquid drop, is absent. The distance from this charged sphere and any point in the three-dimensional space (x, y, z) is infinite.
Discussion of results and quantum effects
As is shown above the system of gravitational and electromagnetic fields described by Eqs. (1-4) and (12) has a finite total inertial mass if the parameter m of the RN solution is equal to e 2 /k. For this case m is both the total inertial and gravitational mass, that is in agreement with the equivalence principle. Such a system is called "the classical electron" when e is the experimental electron charge. There is no need in any additional charged point-like particle which is usually called the electron. This assumes the absence of the term in the action describing the interaction of the pointcharge moving with a three-velocity v with the electromagnetic field usually considered in classical electrodynamics [1, 2, 4] 
Note that the term S pf has no physical meaning since it is infinite. Indeed, we should consider the scalar A 0 and vector A potentials of the total electromagnetic field. But A 0 (x, y, z, t) and A(x, y, z, t) are infinite at any point of a trajectory of the point-charge. Consideration of the external field, usually done in textbooks for the integral in Eq. (129) to make it convergent, is in contradiction with the fundamental concepts of the field theory. Indeed, all the basic quantities should be expressed in terms of variables of the total electromagnetic field as it is the only fundamental notion. The term "external field" for all point-charges assumes the consideration of individual fields of all point-charges but these fields are not fundamental notions.
In the approach under consideration in the present paper, the only existing entities are the electromagnetic and gravitational fields, while the solutions, localized in the space regions of the range of about 10 −34 cm, represent the classical electrons. The important thing is the tetrad representation, which makes the action finite. Considering the metric tensor components as the true variables of the gravitational field we conclude that the action for the classical electron is infinite.
It is well known that the quantum effects become important at distances of about the Compton wavelength of the real electron λ C = /(m e c) where denotes the Plank constant and m e denotes the experimental electron mass. Since λ C = 3.86 · 10 −11 cm, it is much greater than the typical length r e = 1.38 · 10 −34 cm for the classical electron.
For the first sight, this means that the above consideration has no physical meaning. Nevertheless, highly likely that this argument is not true. Indeed, the divergence of the integral T 0 0 d 3 r in classical electrodynamics is very hard, namely the integrand behaves as 1/r 2 at r → 0. Nevertheless the contribution of gravitation makes the energy finite for the parameter m of the Reissner-Nordström solution equal to e 2 /k. Since the divergence of the Feynman graphs describing the electromagnetic field contribution to the electron mass is only logarithmic in QED (the integrand behaves as 1/r at small r), the role of gravitation can be much less important. If it changes the behaviour of the integrand, say, to 1/r 1−δ with a very small positive δ, the integral becomes convergent. The integral for the self-energy in QED is proportional to α em ln[Λ c /(mc)] where Λ c is an ultraviolet cutoff parameter which is put equal to infinity and α em = e 2 /( c) is the fine-structure constant. As is seen from Eq. (111) the space cutoff parameter arising due to the contribution of gravitation is r e , hence the natural cutoff parameter in the momentum space is
where M P l = c/k is the Plank mass. Therefore α em ln(Λ c /(mc)) could be replaced by α em ln(M P l /m) with the same accuracy. In the classical physics, the finite energy of the electron exists for m = e 2 /k only or, in other words, when the function f (e/m √ k) defined by Eq. (95) is zero. It is not excluded, that for the quantum case the finite energy of the field configuration exists not for all mass parameters m but for some fixed one for which the quantum analog of the function f (x) is zero with x = α em ln(M P l /m). For the experimental mass of the electron M P l /m e ≈ 2.4 · 10 22 , while α em = 1/137.04, therefore x ≈ 0.38. This means that x is of the order of unity, hence the argument x = α em ln(M P l /m) looks rather natural and equation f (x) = 0 could give the electron mass close to its experimental value, while, for instance, x = /(r e m e c) is unnatural (huge).
The most natural question arises: "How to find the quantum analog of the function f (x) defining the electron mass?" We saw that the total stress tensor T ν µ is identically zero in Eq. (115) if m = e 2 /k and vice versa. It is likely that in the quantum case this condition can be replaced with the demand that some matrix elements of the total stress tensor over the wavefunctions of the electron must be zero to prevent desintegration of the electron by the electromagnetic forces. And this demand defines the quantum analog of the function f (x).
By changing the sign of the charge in Eq. (12) we get a set of the electromagnetic and gravitational fields corresponding to "classical positron". It has the same mass as the electron in the approach under discussion, hence the positron is not an electron with the negative energy as in the Dirac equation [4] . It is assumed that in the future version of the quantum field theory, there will be no need in the local electron-positron field, that has the negative vacuum energy.
In the approach based on the supersymmetry, the negative vacuum energy of the electron-positron field compensates the positive vacuum energy of the photon field. The total vacuum energy of all fundamental fields can be equal to zero if the supersymmetry is not broken. Supersymmetric partners of the existing particles with masses less than about 1 TeV/c 2 are not found up to now (see for instance [23] [24] [25] ). This can mean that the supersymmetry is not a fundamental symmetry of elementary particles. In the absence of the electron-positron field, the vacuum energy can probably be made finite due to the negative contribution of the gravitational field. Indeed, let us consider only the modes of the quantum oscillations of the electromagnetic field with frequencies ω < ω c . Let us imagine that the vacuum energy density for these modes with the mode energies ǫ vac = ω/2 is huge but finite in the absence of the gravitational interaction. If the gravitational interaction is switched on its negative contribution decreases the vacuum energy. If the electromagnetic energy density goes to infinity (when ω c → ∞) as in standard QED the modulus of the gravitation interaction contribution increases also to infinity. It is not excluded that the total vacuum energy density is finite. This picture is in an analogy with the classical electron case for which the infinite growth of the electromagnetic energy density at ρ → 0 is restricted with the gravitational attraction of small space regions, filled with electromagnetic field, with each other. The cancellation of the contributions to the total mass of the electromagnetic and the gravitational fields leads to the finite value of the total mass.
Electrons take part in weak interaction and this electron property should be taken into account. Therefore we should try to find solutions of equations for the system of the electromagnetic, gravitational, and weak-boson fields. Another property of the electron, that should be taken into account in its realistic description, is the electron spin s equal to /2. But solutions with s = /2 are not excluded for the nonlinear boson fields. A well known example provides the Skyrme model [26, 27] in which the solutions with the spin /2 (baryons) are constructed though the fundamental field is the nonlinear field of the pseudoscalar pions. Another way to make the spin is to consider a solution (if it exists) which corresponds to an electric charge and a magnetic dipole moment since the electromagnetic field in this case has an angular momentum [28] . The localized states of the quantized electromagnetic, gravitational, and weak-boson fields with the /2 spin, the observed values of the electric charge, the weak charge, and the finite masses equal to those of the electron, muon, and τ -lepton could exist. In the same way, the localized solutions of the quantized gluon, electromagnetic, weak boson, and gravitational field equations would be quarks and there would not be a need in local bispinor fields corresponding to the point-like massive quarks. This problem cannot probably be solved soon since there is no renormalizable quantum field theory of gravitation though any estimates of the electron mass could be performed in lattice calculations using the continual integrals for electromagnetic and gravitational fields (see review [19] ). Nevertheless, we assume that the idea to construct all observed particles as singular or localized (in a very small three-dimensional space region) solutions of fundamental field equations is constructive.
Conclusions
It is shown, that for the Reissner-Nordström solution, the contribution of gravitation makes the total energy-momentum preudo-tensor density integrable function if the parameter of the solution m = e 2 /k. Nevertheless the singular point exists for this case also. The total inertial mass of the system of the electromagnetic and gravitational fields is finite (m in = e 2 /k) and equal to its total gravitational mass m gr . According to the equivalence principle (m in = m gr ), this means the absence of an additional contribution to the total mass of any charged point-like particle with a nonzero bare mass. In the approach of the present paper, the classical electron is the system of the electromagnetic and gravitational fields localized in the space region with the typical length of about 10 −34 cm, e = −4.80 · 10 −10 esu, and m = 1.86 · 10 −6 g. Since the total stress tensor density T ν µ is identically zero there is no need in additional nonelectrostatic forces preventing the disintegration of the classical electron which were introduced in the Lorentz model of the electron (surface tension forces for the charged liquid drop).
As is known the total lagrangian for the Reissner-Nordström solution has nonintegrable singularity if the metric tensor components are considered as fundamental variables of the gravitational field. The total lagrangian for the Reissner-Nordström solution is shown to be finite in the tetrad representation for any values of the parameters e and m.
We assume that it is not excluded that in quantum field theory, the only existing fundamental entities are gravitational, electromagnetic, weak-boson, and gluon fields. Leptons and quarks are states of these fields having singular points which positions are usually considered as the positions of corresponding particles. 
where the three-vector n µ is defined in Eq. (93) and
Note that in Appendix, there is no summation over two or three identical indexes, all sums contain the symbol . The functions D and N are defined in Eqs. (16) and (17), while r g and r 0 in Eqs. (8) and (10), respectively. Other nonzero Christoffel symbols for µ = ν are
The nonzero Christoffel symbols Γ i jk are
while for µ = ν 
Covariant derivatives of tetrads
and for µ = ν h (µ)
As a consequence of these formulas, we have
which follows from Eq. (141 − 144) for h 
where µ = ν in Eq. (150).
Applying the metric tensor from Eq. (21) corresponding to the RN solution for the uniform coordinates the nonzero components of γ i ml can be obtained
while for µ = ν we have
In an analogous way, the formulas
and the relations for µ = ν
can be obtained.
The contravariant nonzero components of γ ikl are
Using Eqs. (153) and (154) we get for Φ m defined by Eq. (60) the result
The contravariant components of the vector Φ follow from the metric tensor g mn defined by Eq. (21) and from Eqs. (160, 161) 
3 , the latter will be denoted from here on h 
In the above chain of equations, it is taken into account that Φ 0 = 0 according to Eq. (162) and formula (46) for the h 
Since ρ ≥ ρ min > 0 for the uniform coordinates the term with the three-dimensional Dirac delta-function δ(R) in Eq. (165) is zero. In order to obtain the left-hand side of Eq. (53), we substitute into Eq. (81) p = c = 0.
This leads to the formula
Here, it is taken into consideration that according to Eq. 
In Eq. (167) and hereafter, more simple notations F ik are used instead ofF ik in the uniform coordinate system. Since F 0l is zero for l = 0 we should write
In transformation of Eq. (168), the obvious relation
and Eq. 
Finally, using Eq. 
We take into consideration that h 
Since h In the sum over m and l in Eq. (174), the tensor γ νml is nonzero according to Eqs. (158) and (159) for two cases: m = l = 0 or both m and l are nonzero. For the former case and for i = 0 γ mli = γ lim = γ 000 = 0, while for the latter case γ ml0 = γ l0m = 0 since they are absent in Eqs. (149) and (150) for nonzero γ ikl . As a result we get
that proves the validity of Lagrange equations (53) for this case. For p = c = µ and q = λ Eq. (63) looks like
Expressing h λ (µ) with the help of Eq. (47), using Eq. (163) for Φ λ and Eq. (41) for the determinant |h|, Eq. (176) is transformed to the following:
Since both γ λµ µ = 0 and n λ − n µ δ λ µ = 0 at λ = µ, then Eq. (177) can be rewritten in the form
Here, Eq. 
Since F µl is nonzero only if l = 0, then the sum over l in the first term in the right-hand side of Eq. (159) we conclude that the case m = l = 0 gives one term in the sum over m and l in the curl brackets in Eq. (180) which is equal to γ µ00 γ 0µ0 since γ 00µ = 0 due the antisymmetry of γ ikµ with respect to i and k. Other nonzero terms in the same sum over m and l correspond to the cases when m = l = ν with ν = µ, or m = ν, l = µ with ν = µ in any case. The net result is 
Using Eqs. (149) and (158) we have
The first sum over ν in Eq. (182) is also easily calculated
if Eqs. 
Here, the obvious relation for the unit three-vector n ν ν =µ
is used in addition to formulas (150) and (159).
Since in the last sum over m in the curl brackets in Eq. (180) the term with m = 0 is zero according to Eq. (160) and γ µm µ = 0 due to the antisymmetry property, then using Eqs. (157) and (161) we get γ νml γ mlµ + γ lµm = γ ν00 γ 0µ0 + γ νλλ γ λµλ .
We remember that γ 00µ = γ λλµ = 0 owing to the antisymmetry of γ ikn with respect to i and k. Note that γ νml = 0 in Eq. (194) for l = ν and m = λ = ν but γ mlµ + γ lµm = 0 for all these m and l according to Eq. (150).
In the last sum over m in the right-hand side of Eq. (192) the nonzero terms can be only for m = µ or m = ν. This gives 
Note that r 
